It has been recognized for a considerable period of time that one of the critical experimental variables in determining response strength in instrumental reward conditioning is magnitude of the reward object (W K ). Several investigators (Crespi, 1942; Czeh, 1954; Zeaman, 1949) have found that, within limits, response strength increases as magnitude of the goal object increases. Most of the theoretical interest in this particular independent variable has been generated by its use as one of the defining operations for the incentive motivation factor (K) employed by such theorists as Hull (19S2) and Spence (1956) .
Another variable which has been found to exert significant systematic effects in such conditioning situations is time of deprivation (T C |). A number of studies (Horenstein, 1951; Kimble, 1951; Strassburger, 1950; Yamaguchi, 1951) have reported that, in general, response strength increases as deprivation interval is lengthened up to some maximal point, beyond which response strength declines. Again, Hull and Spence, in particular, have employed the deprivation operation as one of the conditions defining the theoretical construct of generalized drive (D).
The present, study was undertaken in an attempt to determine the manner in which the D and K factors combine or interact in determining performance. In particular, the present research, employing running speed in a straight alley as the response measure, studied the effects of varying jointly three levels of incentive magnitude, 0.1, 1.0, and 2.0 gin. of food with three periods of food privation, 3, 22, and 44 hr.
METHOD

Subjects
The ,S's were 90 experimentally naive male albino rats of the Sprague-Dawlcy strain, contributed by the Upjohn Drug Company. All 5s were between SO and 100 days old at the start of the experiment.
Apparatus
The apparatus was a straight alley consisting of a 10-in. start box, a 48-in. alley, and a 10-in. goal box. The interior dimensions of all three sections of the alley were 3f in. wide and 4f in. high. Two guillotine-type, aluminum doors separated the start box from the alley, and an aluminum retrace door separated the alley from the goal box. The start box and alley were painted a flat medium-gray, and the goal box was painted flat white. All sections of the apparatus were covered by Plcxiglas. The floor of the runway was covered by canvas painted to correspond in color to the particular section of the alley in which it was located.
The experimental room was illuminated by a shaded 15-w. bulb suspended 3 ft. above the alley, midway between the start and goal boxes. A circular, glass furniture coaster, 1J in. in diameter and painted flat white, was placed at the far end of the goal box to contain the incentive. Running-time measures were obtained from a .01-sec. Standard Electric timer. The timing circuit was activated by the raising of the second start-box door and was broken by the depression of a microswitch, placed under the goal box, by the pressure resulting from 5's entry into the goal box. This time measure includes both starling speed and running speed as conventionally denned.
Procedure
The 5s were placed on a food-privation schedule for one week prior to the first clay of training. This schedule consisted of a 2-hr, feeding period each day in individual feeding cages. While in the cages, each 5 had access to a large number of Purina laboratory checkers. During this period, each .S' was handled for approximately 5 to 10 min. each day. On the day prior to the beginning of training, 5s were placed in the apparatus in groups of four and allowed to explore for approximately IS min. During this habituation period, all the doors of the apparatus were up and the foot! dish was removed from the goal box. The 5s were then randomly assigned to the nine experimental subgroups.
During training, the 3-hr, deprivation groups were fed for 2 hr. and run 3 hr. after being removed from the feeding cage. The 22-hr, deprivation groups were allowed access to food for 2 hr. following each day's training trials. The 44-hr, deprivation groups were allowed access to food for approximately 4 hr. following each group of training trials. The 3-hr, and 22-hr. deprivation groups were run every day, while the 44-hr, groups were run every other day. Different amounts of feeding time were allowed Lo prevent weight loss in 44-hr. 5s. In addition, on ever}-seventh day all 5s were allowed 24 hr. of unlimited feeding.
The incentive consisted of the particular amount of wet mash, 0.1, 1.0, or 2.0 gm., which was smeared along the inside of the food coaster. Wet mash was employed as the incentive rather than dry food pellets since continuous eating in the goal box was desired in order to reduce competing goal-box activity. In addition, wet mash serves to eliminate the possible extraneous effects of thirst induced by eating large quantities of dry food. All .Ss had continuous access to water except when in the experimental room.
Each S received 4 trials during each experimental session until a total of 72 training trials had been given. A single trial consisted of placing S in the start box, opening the start-box doors when S had oriented in the direction of the goal box, and closing the goal-box door when .S' had entered the goal box. Every effort was made to remove S from the goal box as soon as the incentive was consumed. The intertrial interval for all groups averaged approximately 8 min.
The experimental design, in summary, was a simple 3 by 3 factorial design with three levels of incentive magnitude employed at each of three levels of food deprivation.
RESULTS AND DISCUSSION-
Response latencies for all 5s were transformed to speed measures (reciprocal latency X 10). Mean response speeds for all groups were plotted against training trials and are presented in Figure. 1. Training trials are grouped in blocks of 8 trials in order to smooth the curves.
A mean asymptotic response speed was computed for each S by taking the mean of its speeds over the final 20 training trials (Trials 53-72). The group means of these values are presented in Table 1 . An inspection of the mean speed scores summarized in Table  1 and Figure 1 reveals that response strength varied in a systematic manner with increasing levels of the experimental variables.
An analysis of variance performed on these data shows the main effects of both deprivation period (F = 19.06, df = 2 and 81) and reward magnitude (F = 9.06, df = 2 and 81) to be significant at the .01 level. The interaction F was less than 1.00 and hence not significant. Another analysis of variance was performed on the mean speeds during Trials 37 to 48, but since essentially the same results were obtained as those from Trials 53 lo 72, the results of that analysis are not presented here.
While Hull (1952) and Spencc (1956) agree that habit strength and drive level combine mulUplicatively, they differ with respect to the combination law assumed to hold between D, defined by deprivation period, and K, defined by magnitude of reward. Hull assumes that T d and \\ K interact in a multiplicative manner, while Spence makes the tentative assumption that the relationship between the two variables is additive. A multiplicative relationship, such as that assumed by Hull, would require that the differences between performance levels for the incentive groups increase with increases in deprivation period.
In the statistical analysis, this multiplicative relationship would be reflected in a significant interaction term. As pointed out above, no such significant interaction was obtained. Spence's additive assumption about drive level and incentive motivation, however, would lead to a different prediction. In this formulation, the differences in excitatory potential for one incentive group versus another are independent of the particular level of D employed. In the present study, parallel functions were obtained when any two magnitudes of reward were compared under different levels of D. Our results, therefore, which show that performance differences under different incentive magnitudes arc independent of deprivation period, are consistent with Spence's notion that D and K combine aclditively.
While an additive relationship appears to hold for the range of values of T<| and W g considered here, it is doubtful if such a relationship would obtain when extreme levels of either variable are considered. Yamaguchi (1951) , for example, found that response strength increased as deprivation period was lengthened until the effects of inanition became pronounced enough to offset the effects of any further increases in deprivation interval. Similarly, incentive magnitude could be increased to the point at which satiation is effected or that differences in magnitude would be impossible to discriminate. It is interesting to note in this connection that the 3-hr.-2.0-gm. group appeared to have little difficulty in consuming 8 gm. of wet mash during each experimental session. It might be claimed here that satiation cues became part of the stimulus complex for the instrumental response and that, for this particular group at least, performance level was lower that it might have been had fewer trials been run per day. Examination of the individual trial data, however, does not seem to give much support to this objection. The single trial data for the 3-hr.-2.0-gm. group showed basically the same pattern as the data for the other subgroups: the usual overnight decrement on Trial 1 of each day, followed, in most fourtrial blocks, by a monotonic increase in response speed through Trial 4.
In a final consideration of the relationship between D and K, there are several factors which suggest that the law is probably more complicated than the additive one found with asymptotic performances in the present study. Most of these factors probably operate most critically during the early stages of training. High-D S$, for example, typically traverse the runway faster and find and consume the reward more rapidly and with less extraneous behavior than low-Z> i's. Also, it is likely that the fractional anticipatory goal response (r Ks g ), the mechanism by which W K presumably determines the strength of K, is present in some strength before the training trials begin. This is largely a function of the nature of the standard handling and habituation procedures employed in most animal studies. Several recent studies on the deprivation variable (Birch, Burnstein, & Clark, 1958; Campbell & Sheffield, 1953; Cotton, 1953) have suggested that fairly complex relationships may exist between deprivation intervals and "reactivity" of the organism. Exactly what contributions these before-training and earlytraining factors make in determining the combination law between D and K is not clear as yet.
Final mention should be made of a recent study on drive-reward interaction by Reynolds, Marx, and Henderson (1952) . These investigators employed a Skinner box as the apparatus and extinction measures as the response variables. Their findings, that large rewards hasten extinction under high drive but retard extinction under low drive, do not support those of the present study. This difference in results is probably due to the different response measures employed in the two studies. Some preliminary data on resistance to extinction of runway responses acquired under high-reward conditions has suggested to the present writers that an inverse relationship holds between these two variables.
SUMMARY
Ninety male albino rats were given 72 reinforced trials in a straight alley runway. Nine subgroups each received one of three levels of the following experimental variables: magnitude of reinforcement (0.1, 1.0, and 2.0 gm. of wet mash), and time of food deprivation (3, 22, and 44 hr.). It was found that running speed increased systematically as levels of both variables were increased. No significant interaction was found, and this result was interpreted as being consistent with Spence's suggestion that the two variables interact in an additive fashion. Some factors which complicate this relationship were discussed.
